The Anthropocene presents a set of interlinked sustainability challenges for humanity. The United Nations 2030 Agenda has identified 17 specific Sustainable Development Goals (SDGs) as a way to confront these challenges. However, local initiatives have long been addressing issues connected to these goals in a myriad of diverse and innovative ways. We present a new approach to assess how local initiatives contribute to achieving the SDGs. We analyse how many, and how frequently, different SDGs and targets are addressed in a set of African initiatives. We consider goals and targets addressed by the same initiative as interacting between them. Then, we cluster the SDGs based on the combinations of goals and targets addressed by the initiatives and explore how SDGs differ in how local initiatives engage with them. We identify 5 main groups: SDGs addressed by broad-scope projects, SDGs addressed by specific projects, SDGs as means of implementation, cross-cutting SDGs and underrepresented SDGs. Goal 11 (sustainable cities & communities) is not clustered with any other goal. Finally, we explore the nuances of these groups and discuss the implications and relevance for the SDG framework to consider bottom-up approaches. Efforts to monitor the success on implementing the SDGs in local contexts should be reinforced and consider the different patterns initiatives follow to address the goals. Additionally, achieving the goals of the 2030 Agenda will require diversity and alignment of bottom-up and top-down approaches.
Introduction
The United Nations (UN) 2030 Agenda for Sustainable Development (2030 Agenda) was agreed in 2015 after a broad and inclusive process of thematic and national consultation with national parliaments of the Member States, local authorities, civil society organizations, citizens, researchers and private sector actors around the world. This effort to include a wide range of voices is aligned with the underlying principle of the 2030 Agenda, namely that all 17 Sustainable Development Goals (SDGs) and associated 169 targets are integrated and indivisible (United Nations 2015a). This principle aims to balance the economic, social and environmental dimensions of sustainable development. Unlike the previous UN Millennium Development Goals (MDGs) , the 2030 Agenda is focused on capturing complex interdependencies between goals and targets, illustrated by the many cross-references between targets and indicators and their explicit contextualization into social-ecological systems (Norström et al. 2014) .
Scholars have long argued the need to integrate economic, social and ecological dimensions in achieving sustainable development, arguing that human and natural systems are inseparably linked and should be dealt with as social-ecological systems (Berkes and Folke 1998) . Folke et al. (2016) emphasize that "the biosphere serves as the foundation upon which prosperity and development ultimately rest" (Folke et al. 2016, p. 4 ). Raworth's recent visual framework on the safe and just space for humanity (Raworth 2012 (Raworth , 2017 , for instance, highlights that sustainable development requires staying within planetary boundaries (Rockström et al. 2009; Steffen et al. 2015) while ensuring people have the resources Handled by Riyanti Djalante, United Nations University, Japan.
Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1162 5-019-00746 -0) contains supplementary material, which is available to authorized users. needed-such as food, water, health care, and energy-to fulfil their human rights. It is in this environmentally safe and socially just space in which inclusive and sustainable economic development takes place (Raworth 2012 (Raworth , 2017 . Such approaches highlight the complexity that underlies the integrated and indivisible nature of SDGs.
Filling the gaps: analysing the interactions between SDGs through local lens
Achieving the SDGs will hinge on a better understanding of the interactions occurring among the different social, economic and ecological goals and targets. Some targets are clearly synergistic, indicating efficiency gains in looking for actions that contribute to multiple goals and targets. For example, improving electricity access through solar technologies (Goal 7) enables students to spend more time studying (Goal 4) and improves access to information communication technologies (Goal 9) . It simultaneously reduces the use of solid fuels and kerosene for cooking and lighting (Goal 7) and its related air pollution and diseases (Goal 3) (Collste et al. 2017 ). On the flip side, there are other goals and targets that present obvious trade-offs to their mutual achievement. For example, investing in biofuels to increase the share of renewable energy (Goal 7) and contribute to climate change reduction (SDG 13) may have negative consequences on securing access to food (Goal 2) (Searchinger et al. 2008) .
Understanding the synergistic relationships and trade-offs between the SDGs, and the 169 SDG targets, can support more coherent and effective decision making (Nilsson et al. 2016 ICSU 2017; Pradhan et al. 2017; Weitz et al. 2018) . While some research has appeared in the last years to deal with this issue, gaps still remain unaddressed. Weitz et al. (2018) pointed out three main approaches that have been taken when assessing and conceptualizing the interactions between SDGs. First, the most common approach when addressing SDGs interactions is focused on studying one or some specific goals and then exploring how it relates or affects other goals (e.g., Vladimirova and Le Blanc 2016; Nilsson et al. 2018; Jaramillo et al. 2019) . A second approach analyses how a subset of goals or targets interacts among themselves (e.g., Collste et al. 2017 ). Finally, a third approach focused on assessing interaction across the whole (or a big) set of goals and targets (e.g., Nilsson et al. (2016) 's scoring system; also used in Weitz et al. (2018) and Allen et al. (2019) ); however, this approach remains underdeveloped (Weitz et al. 2018) .
Importantly, most of the research has focused on identifying potential rather than empirical linkages. For example, Boas et al. (2016)'s theoretical approach, Le Blanc (2015)'s semantic analysis of the 2030 Agenda, or ICSU (2017), Nilsson (2017) and Weitz et al. (2018) 's expert judgments characterizations. Furthermore, to the best of our knowledge, all research on SDG interactions to date has focused at global, regional or national scales. However, the 2030 Agenda also includes the relevance of how local action can contribute to achieving the SDGs, as it establishes that "governments and public institutions will also work closely on implementation with regional and local authorities" (the 2030 Agenda, p.11). Thus, "despite the need for global outcomes, most implementation [of the SDGs] will be local" (Smith et al. 2018; p. 1483) , and incorporating current knowledge on the dynamics of social change processes at multiple scales will be critical to achieving the SDGs (Norström et al. 2014) . Multiple academics and practitioners have emphasized the importance of the context, as the interlinkages and overlaps among goals and targets will vary as a function of the local realities and contexts where they are implemented (Reed et al. 2015; Stephens et al. 2018) . Satterthwaite (2016 Satterthwaite ( , 2018 advocates for the incorporation of "local lens" or "indicators for local action" for the implementation of SDGs, highlighting how interventions should be designed to specific development needs of particular context, rather than being blanket interventions applied across systems. Furthermore, our understanding of how change occurs in complex social-ecological systems has shown that the local can shape the global, through different processes such as providing response diversity, local contextualization and social learning, aggregation or via contagion (see , Geels 2002; Gunderson and Holling 2002; Olsson et al. 2006; Geels and Schot 2007; Moore et al. 2014) . Though different national contexts can lead to different SDG interactions (Weitz et al. 2018) , there are no studies assessing whether local interactions of SDGs differ from national level interactions.
In this study we empirically analyse a related set of bottom-up sustainability initiatives to identify interactions among SDGs at local scales. We use initiatives identified by the Seeds of Good Anthropocenes project (https :// gooda nthro pocen es.net/). This project has identified a set of diverse existing initiatives or "seeds" from all around the world that could, given the correct conditions, have the potential to catalyse more radical transitions towards a sustainable future. In doing so, many of these initiatives address many of the SDG targets.
Coding 69 locally grounded African initiatives from the Seeds database to relate them to the 169 SDG targets, we analysed the interactions occurring between these targets and corresponding goals. We focussed on African iniatives, to encompass the complexity of the 2030 Agenda formulation while keeping the attention on local realities and contexts. Specifically we (1) analysed the frequency of the different 169 targets in the local African initiatives (2) described the patterns of interaction appearing among the targets and goals; and (3) analysed how characteristics of SDGs explained their uptake and uses. This paper contributes to advancing practical research on how to use systems thinking and analysis to support the assessment of SDG targets achievement at local scales.
Methodology

Data collection
The Seeds of Good Anthropocenes database has collected information on approximately 500 local sustainability initiatives. These initiatives-or "seeds"-are currently marginal but may supercede dominant structures in the future, under the right conditions. These seeds have been collected from broad networks of sustainability scientists and practitioners through multiple workshops and conference sessions (for more details on these processes themselves see https :// gooda nthro pocen es.net/resou rces/). Furthermore, seeds have also been collected through an online questionnaire (https ://gooda nthro pocen es.net/send-us-your-seed/). Key attributes of the seeds have been documented, based on variables such as the challenges it addresses, its innovative aspects or the number and type of people involved (see Bennett et al. (2016) and Pereira et al. (2018b) for more information).
Out of the 75 seeds from the Seeds database that were located in Africa, we analysed 69 seeds (Fig. 1) . The remaining 6 initiatives were not considered as we could not find enough information related to them in a web search. Africa has been widely identified as a priority area in the context of the 2030 Agenda, highlighting the need to focus on the full achievement of the SDGs in this continent and placing special attention to goals that have being left out in the past (United Nations 2012, 2015a, b; see Table 1 ). Analysing the African seeds as examples of bottom-up SDG implementation provides valuable information into the complex local patterns of interactions (positive and negative) that potentially exists between goals and targets. This complexity is fostered by the great diversity of seeds, ranging from green urbanism to agroecology or biodiversity conservation (Bennett et al. 2016 ). This diversity is present in the 69 seeds included in the analysis; however, these seeds are only part of the variety of African experiences and North and South-West regions of the African continent are not well represented. This geographic bias is not a key point for this analysis, which is focused on the types of activities developed by the seeds rather than the relation of these patterns to their geographic context. Fig. 1 Distribution of the African seed initiatives. These initiatives can be part of a an international network/organization (n = 12); b an African network/organization (n = 4); and they can also appear as c individual case studies (n = 53). For the international networks/ organizations, the African cases studies are represented in the map. Network-seeds may carry out different case studies in the same or different countries. Dash lines between cases reflect projects belonging to the same international network/organization in a same country. Seeds have been placed in the map according to their approximate location; if not possible to define (e.g., slow food movement), they are placed in the middle of the country 1 3
Data analysis
Content analysis
We used content analysis to identify the SDGs and related targets addressed by the 69 African seeds and explored the interactions established between SDGs within the seeds. Content analysis identifies patterns and helps to build valid inferences about their meaning (Riffe et al. 1998) . It requires three main elements (White and Marsh 2006) : (1) sampling units (identify the population and establish the basis for sampling-here the 69 African 'Seeds of Good Anthropocenes'), (2) data collection units (the components that make up a document, here coded information available in the Seeds database, as well as phrases, figures, photos or tables containing relevant information about the initiatives in their websites and related popular and scientific articles), and (3) units of analysis (basis for analyses-the 169 SDG targets). Originally formulated as universal ambitions, these targets were, in some cases, adapted for grassroots (or local) analyses. For example, target 10.1: "by 2030, progressively achieve and sustain income growth of the bottom 40 per cent of the population at a rate higher than the national average" has been reformulated as achieve and sustain income growth of the poor, i.e., initiatives generating employments for vulnerable populations (see Table S1 for a more complete coding scheme of the targets). For the 69 initiatives, we checked whether they met each one of the 169 SDG targets in an iterative process of coding and re-examining as the variety of the sample increased with every new initiative revised (see Box 1 for an example, and Figure S1 for the complete coding of the seeds). Then, we measured the interactions between SDG targets built on the information about the targets being addressed "as a whole" by every single seed initiative.
Descriptive analysis, frequency and interactions between SDGs
First, we used descriptive statistics to explore how many of the targets within each goal were addressed by the 69 seeds. For example, Goal 17 is defined in the 2030 Agenda by 19 targets, of which 8 appear in our sample; while Goal 13 has 5 targets of which 4 are in our sample.
Second, to measure how often the 17 goals were addressed by the seeds, we (1) represented the percentage of seeds addressing each one of the goals; and (2) conducted a Chi squared test of the number of times a target was addressed by the seeds within every goal in relation to the number of targets per goal defined by the 2030 Agenda.
For the Chi squared test, we standardized the residuals (i.e., the difference between expectation and observation) by the number of targets within each goal (see Equations S1, Equation 1). Standardizing the residuals allows us to compare Table 1 International agendas highlighting the challenges and opportunities for the full realization of SDGs in Africa the difference between observed and expected frequency of targets observed within each SDG by the total number of targets within each SDG. Using these two measures we considered the frequency of both the different goals and the range of targets addressed by the seeds (e.g., some goals may be addressed by many seeds-high frequency at the goal level-but just considering a few of their targets-low frequency at the target level). Third, to asses the variety of the different types of SDGs in the seeds, we used Folke et al. (2016) framework to categorize the goals according to whether they fall into the ecological, social or economic dimension. According to this framework Goal 17 was defined as being a cross-cutting goal across all three domains. The frequency of each goal was calculated for each of the three domains independently. We also represented the top 10 most frequent targets. For these analyses, and the rest of analyses conducted in relation to the frequency and interactions of the SDGs, targets 1.2, 2.1, 5.1 and 7.1 (see Table S1 ) were taken away from the sample. These targets were considered as general targets, i.e., summarizing the main idea of their whole goal, so they were always coded as "present" when any other target from their same goal was addressed. Thus, their overrepresentation may cover up real frequency and interaction values if not excluded.
Fourth, to analyse the type of targets not addressed by the seeds, we classified them as (a) process-oriented or input targets, which seek to ensure adequate resource allocation (human, financial and community resources) and appropriate design of programs and activities, and are frequently stated at the national or international scale; (b) structural targets, which seek a fundamental change in organizations or systems to overcome institutional capacity weaknesses and challenges; and (c) outcome targets, Box 1 Example of coding a seed initiative using the SDG targets as units of analysis
LEWA WILDLIFE CONSERVANCY cheetah1 by Kevin Walsh (Creative Commons)
The Lewa Wildlife Conservancy works as a catalyst and model for the community-based conservation of wildlife and its habitat (15.1, 15.5, 15A,17.16) . It does this through the protection and management of species, the initiation and support of community conservation and development programmes and the education of neighbouring areas in the value of wildlife. Lewa is extremely proud of its continued practice of responsible tourism where funds raised are reinvested back into our core programmes (15A). Lewa also generates direct employment in the neighbouring areas, such as rangers for its security department and guides for safaris (8.9, 10.1). Programmes: Community program on agriculture development: Through hands-on training, Lewa is working with local farmers to share techniques that preserve soil quality to prevent land degradation (2.1, 2.3, 2.4, 15.3) Additionally, we are promoting the diversification of farming opportunities, encouraging the cultivation of alternative crops to enhance the competitiveness of the farmers' produce (1.2, 1.5) Community healthcare: Lewa's four clinics are the closest medical centres within 25 kilometres. The clinics offer diagnosis and treatment in reproductive, preventative, and mental health; including education for HIV/AIDS, family planning, and hygiene (1.3, 3.3, 3.7, 3.8, 5.6) Community water management: Projects include springs conservation and water distribution for agriculture, domestic use, and livestock (1.3, 6.1, 6.2, 6.6, 6B). The Women's Micro Credit Programme: The programme currently supports over 1800 rural women by providing them with access to low-interest loans that otherwise would be out of reach. These women in return use the loans to start enterprises that ultimately improve their families' livelihood (1.2, 1.4, 5.1, 5.5, 5A, 8.3, 8.5,10.2) School programmes: Lewa offers support through infrastructure and curriculum development, student empowerment programmes, teachers' training and provision of school supplies (all levels of education). Our Adult Literacy Programme not only teach the learners how to read and write-we also extend knowledge in basic finance, home economics, healthcare, social/political issues as well as conservation of endangered species (1.3, 4.1, 4.3, 4.4, 4.6, 4A, 4C, 8.6 ). Conservation education: It was established in 2010 with the aim of providing a holistic, cutting-edge conservation and environmental education for visiting school groups (4.7) Community forestry: By working with Community Forest Associations and the Kenya Forest Service, Lewa is helping promote the protection of woodlands and forests across its neighbouring areas for the benefit of both people and wildlife (15.9) focused on the achievement of a specific change, e.g., behaviour, knowledge, skills, status or level of functioning (SDSN 2015; GCPSE 2016; Seidman 2017) . Finally, to analyse patterns of interactions between SDGs, we used network analysis to measure the targets' degree, i.e., the number of different targets one target is related to in the same initiative (see Box 1). Many authors have used network analyses to measure interactions among SDGs (Le Blanc 2015; Vladimirova and Le Blanc 2016; Weitz et al. 2018) . In this research, as the information has been collected at the target level and then aggregated to the goal level, we used the average degree for every goal, calculated as the mean of the degree of the targets within a goal (e.g., to calculate the degree of Goal 1 we calculated the mean of the degree of Targets 1.1, 1.2, 1.3, and so on; and the degree of Target 1.1, for example, is the number of times this target appear together with other different targets along the 69 seeds). This procedure is based on the idea that the target level is fundamental to achieving the goals, as target interactions across goals are the real concern when implementing any strategy (Weitz et al. 2018) . Thus, the degree is considered as a measure of the likelihood of a target to be organically integrated with other targets in local social-ecological initiatives, a higher degree representing a higher likelihood. We also calculated the degree for each target, but normalized as the deviation from the expected total average degree, i.e., the mean of the degree for all the targets in the sample (see Equations S1, Equation 2).
Cluster analysis
To analyse the characteristic of the different goals in relation to how are they addressed by the locally grounded initiatives, we used average linkage method with Euclidean distances to perform a hierarchical cluster analysis (HCA) of the 17 SDGs. The HCA was performed for some of the frequency and interaction measures detailed in the previous section, i.e., the percentage of seeds addressing a goal, observed vs expected targets (standard residuals), and average degree of the goals. It also includes other two variables to measure interactions between targets:
(1) the percentage of interactivity within a goal to explore whether the different targets within a same goal usually share the same seeds or not (see Equations S1, Equation 3); and (2) the percentage of interactivity inter-goals, as a measure of the average number of interactions of every goal with other goals in the seed initiatives (i.e., which goals are addressed by the same seeds). Consequently, goal (not target) interactions were considered in this latter variable.
Results
Incidence of the different goals and targets addressed by the seeds
Goals and targets addressed by the seeds 125 targets (out of a total of 169 targets described in the 2030 Agenda) were addressed by the 69 African seeds. The frequency of individual targets appearing in the seeds varied greatly among seeds, as some targets are addressed by many seeds (e.g., 12% of the targets appear in more than 15 seeds), while most targets only occur in a few (e.g., 52% of the targets appear in fewer than 5 seeds).
All 17 SDGs were addressed by the seeds. However, within the different goals, there was a large difference in the number of targets addressed by the seeds (Fig. 2) . For instance, Goals 15 (biodiversity), 4 (education), 6 (clean water), and 7 (energy) had all their targets addressed by the seeds. In contrast, less than half of the Goal 5 (gender) targets were addressed, and it was also the goal with the least number of targets addressed by the seeds (n = 4).
Considering the frequency with which the different targets and goals were addressed by the seeds, we found Goal 4 (education) addressed by the highest number of seeds (65%) and had the highest number of targets addressed by the seeds. Goals 6 (clean water), 1 (no poverty), 2 (zero hunger), 8 (decent work & growth), 10 (reduced inequality), and their related targets, were also frequently addressed; while Goals 16 (peace & justice), 3 (health), 14 (oceans), 5 (gender), 13 (climate action), and related targets, were vaguely addressed by the seeds (Fig. 3) . Goal 17 (partnership) was addressed by a high number of seeds (61%), but a low total number of targets within this goal were addressed (Fig. 3) .
Targets not addressed by the seeds
Of the 169 targets defined by the 2030 Agenda, 44 targets were not addressed by the seeds. These targets were characterized by requiring a national or international scope that is usually beyond the capacity of locally grounded sustainability initiatives. For example, missing targets were mainly process-oriented or input targets (n = 20) such as Target 1A (mobilization of resources from governments to implement programmes and policies to poverty eradication) or Target 9A (facilitation of international financial and technological support to infrastructure development). Unaddressed targets also included those requiring national level structural changes (n = 16) such as Target 10.6 (enhancing the representation voice for developing countries in decision-making in global international economic and financial institutions) and Target 14.6 (prohibiting some forms of fisheries subsides contributing to overfishing).
Other targets that were not addressed were primarily focused on developed countries, e.g., Target 12.1 (implementation of the 10-year framework of programmes on sustainable consumption and production, all countries taking action, with developed countries taking the lead); or because the topic was not directly related to social-ecological problems, e.g., Target 3.6 and 3A (reducing the number of deaths from road traffic accidents and tobacco consume, respectively). Fig. 4) . When considering the ecology-related goals, Goal 15 (biodiversity) and 6 (clean water) were the most frequent (i.e., 38% of the ecology-related targets addressed by the seeds were both within Goal 15 and 6), with a high representation of target 6.3 (improving water quality by reducing pollution and eliminating dumping). Goals 14 (oceans; 13%) and 13 (climate action; 18%) were the least frequent ecology-related goals.
The social, ecological and economic dimensions of the goals and targets addressed by the seeds
Of the social goals, Goal 4 (quality education) exhibited the highest frequency (27% of the social-related targets addressed by the seeds belonged to Goal 4). Target 4.7 (ensure that all learners acquire the knowledge and skills needed to promote sustainable development), had the highest overall frequency across the whole set of goals, being addressed by 42% of the seeds (Fig. 4) . The social-related goals that were less addressed by the seeds were Goals 16 (peace & justice; 5%), 5 (gender; 7%), 7 (energy; 7%), and 3 (health; 8%).
Of the economic goals, Goals 8 and 10 exhibited the highest frequencies (decent work and growth, 34%; and reduce inequalities, 28%). Target 8.6 (substantially reduce the proportion of youth not in employment, education or training) was the most frequent under Goal 8. It is closely related to the goals from the social dimension, and specifically to education. For Goal 10, the most frequent targets were 10.1 (employment generation for the poor) and 10.2 (empowerment and inclusion) (see Fig. 4 and Table S1 ). Goal 12 was the less frequent economic related goal (responsible consumption & production; 20%). However, Target 12.5 (reducing waste generation by prevention, reduction, recycling and reuse) had a high representation on the sample, being addressed by 32% of the seeds.
Patterns of interactions between SDGs
The degree of interaction among the targets was related to their frequencies in the sample. Overall the most frequent goals and related targets-Goals 8 (decent work & growth), 2 (zero hunger), 1 (no poverty), 6 (clean water), 10 (reduced inequalities), and 4 (education)-exhibited the highest number of co-occurence with other targets. Less frequently addressed goals exhibited the fewest number of interactions between different targets (Fig. 5 ). However, we found some exceptions. For instance, Goal 11 and related targets (sustainable cities & communities) were frequently addressed by the seeds, but exhibited a low number of interactions with other targets. This is also the case for Goals 7 (energy) and 9 (industry & innovation), although the average number of interactions of their related targets was similar to the average number of interactions for all the targets addressed by the seeds (x̅ =55.62). More interactive than expected were Goals 5 (gender), 12 (responsible consumption & production), and 17 (partnership). These goals had a low frequency of their targets addressed by the seeds but presented a high number of interactions.
Finally, Goals 9 (industry & innovation) and 16 (peace & justice), and Goals 14 (oceans) and 7 (clean energy) did not have any interactions, meaning that not a single initiative addressed these goals together.
Clustering the SDGs in the context of the African seeds
Six groups of goals were identified by our hierarchical clustering of the frequency variables [i.e., percentage of seeds addressing a goal and observed vs expected targets (standard residuals)] and interaction variables (i.e., average degree of goals, interactivity within the goals and interactivity among different goals; see Table S2 ) (Fig. 6 ).
Fig. 3
Number of times (frequency) the SDGs are addressed by the seeds, at the goal and target level. "x axis" represents the percentage of seeds initiatives addressing a goal; while "y axis" represents the standard residuals or the normalized difference between the observed and the expected targets addressed by the seeds. Negative values indicated that the observed number of targets was lower than the expected. "General targets" has been removed (see methods section)
The first cluster includes Goal 11 (sustainable cities & communities) alone. This reflects the particularity of this goal and its targets when implementing local initiatives. Goal 11 has a high frequency of its targets in the sample and is addressed by 41% of seeds; however, it presents a low interaction between targets within Goal 11 and across other goals. The second cluster, SDGs addressed by specific projects, consisted of goals that are addressed by few seeds and usually these seeds focus on a narrow set of targets within one specific goal. This cluster includes Goals 7 (energy) and 9 (industry & innovation). For instance, Goal 7 projects have a strong focus on fostering affordable and clean Fig. 4 Percentage of targets addressed by a seed within a goal according to their ecological, social or economic dimension (based on Folke et al. (2016) ). SDG17 is presented as a cross-cutting goal. Table on the right shows the top ten most frequent targets addressed by the seeds. Numbers into parenthesis show the percentage of seeds addressing the target. "General targets" has been removed (see methods section) energy-especially for vulnerable populations-addressing a limited number of other different targets, e.g., solar energy micro utilities (or solutions in a box) like Solar Turtle (www. solar turtl e.co.za) or Ishack (www.ishac kproj ect.co.za). The third cluster, SDGs under-represented, includes goals poorly represented in our sample, i.e., Goals 14 (oceans), 3 (health), 13 (climate action) and 16 (peace & justice). These goals are addressed by few seeds and present a very low frequency of their targets and interactions (low degree). Group four clusters Goals 17 (partnership) and 4 (education), which are used as means of implementation for some other goals. For instance, Target 4.7-sustainable education-was the most addressed target by the seeds, as it is used as a supporter for the rest of the activities related with other goals. For example, the Nosso Mar, Nossa Vida project (https ://ama-amigo sdate rra.org/osol-proje cto-nossa -mar-nossa -vida-biocl imate /) that aims to support fishing co-management in Mozambique through locally appropriate and sustainably financed resource management, also engages with some sustainable education activities for the achievement of its goals. Goals 17 and 4 are addressed by many seeds and their related targets interact with many different targets (very high degree) across different goals, but less so within goals 17 and 4, because there is a high variety of targets in these goals that are not necessarily related to each other. The fifth group consisted on goals mainly addressed by general or broad projects: Goals 8 (decent work & growth), 10 (reduced inequalities), 1 (no poverty), 2 (zero hunger) and 6 (clean water). These goals and related targets are addressed by the highest number of seeds and have a very high interaction with other goals and targets. They relate to projects with a broad aim definitions, that develop many activities (or programs) addressing multiple goals, e.g., Kwetu Training Centre (http://www.kwetu kenya .org) addresses 41 targets from 12 different goals (including all the goals in this cluster), with the purpose of promoting mariculture and silviculture technologies to diversify the livelihood options of local communities dependent on mangrove wetlands as well as advocating for the conservation and sustainable use of mangroves in coastal communities. Cluster 6 is made of cross-cutting SDGs, and includes Goals 5 (gender), 12 (responsible consumption & production) and 15 (biodiversity). Their related targets, while presenting a low frequency in our sample, present high levels of interaction with other goals and targets. For instance, gender equality appears as a cross-cutting issue in many projects related with different topics, e.g., The Seed and Knowledge Initiative (http://www.biowa tch.org. za) aims to bring together policy makers, NGOs, researchers and farmers' organisations, in order to stimulate discussion around sustainable agricultural production and garner . "x axis" shows the goal degree, calculated as the mean (for all the targets within a goal) of the number of interactions of one target with the others from all the 17 SDGs (n = 169). "General targets" has been removed (see methods section). "y axis" shows how the number of interactions of one target with the others deviates from the average number of interactions among targets for the whole set of targets addressed by the seeds (Total average = 55.62). Targets belonging to the goals placed on the grey area have an average number of interactions below the total average support for small-scale farmers practicing agro-ecological methods of crop production. In doing so, this seed specifically considers the participation of women in these meetings.
Discussion of findings
Different ways local initiatives are addressing the 2030 Agenda
The 2030 Agenda mandates the implementation of the SDGs as an indivisible whole. This emphasizes the importance of assessing interactions between SDGs when initiatives and actions are implemented (Nilsson et al. 2016; ICSU 2017; Pradhan et al. 2017; Weitz et al. 2018) . However, most attention to date has been on mapping potential interactions among a smaller sub-set of SDGs, or at the national policy level. Less focus has been given to empirically analyse how ongoing local sustainability initiatives are addressing SDGs, and what interactions emerge from these implementations. While the 2030 Agenda represents a universal and homogeneous approach to the 17 goals and related targets, we have found that SDGs differ in how local initiatives engage with them. Specifically, some SDGs can be addressed by diverse local actions (e.g., education, no poverty or gender) while addressing other SDGs requires more targeted local actions (e.g., industry and innovation). Other SDGs can only be addressed in specific places (e.g., oceans) or require large-scale approaches (e.g., health). Our analysis identified 6 types of SDGs based on their relationship to our set of local African seeds: (1) cross-cutting SDGs, (2) SDGs used as means of implementation, (3) Goal 11 (sustainable cities & communities), (4) SDGs addressed by broad-scope projects, (5) SDGs addressed by specific projects, and (6) under-represented SDGs.
We found that some SDGs were cross-cutting, in the sense that they were addressed by many of the 69 African seeds, despite not being the focal agenda of those initiatives. This is the case for gender (Goal 5), biodiversity (Goal 15) and responsible consumption & production (Goal 12). The gender equality goal is especially relevant as less than half of its targets appear on the sample, and has the lowest number of targets addressed by the seeds (n = 4), but it has many interactions with other goals and targets. Weitz et al. (2018) highlight the strong positive influence that some gender related targets have for the achievement of other goals. Gender equality is often conceived narrowly in development strategies (Miller and Razavi 1995; Struckmann 2018) , and Hierarchical cluster analysis (HCA) categorization of types of goals related to how the seed initiatives engage with them. Labels (very low, low, high and very high) summarized the mean values of the clusters for the 5 variables considered in the HCA this matches the pattern we see in our sample in which many of the seeds only address one or a few gender equality related targets rather than many, for example, accounting for a certain percentage of women participants in the project, giving micro-credits for fostering women entrepreneurship, creating green-business opportunities for women to work or developing business skill training programs for women.
Other SDGs were addressed by the seeds as means of implementing other goals, for example, education is used as a means to achieve many other SDGs. This pattern exists both for education (Goal 4) and for partnership for the goals (Goal 17), which is how this latter goal is defined in the 2030 Agenda. The important role played by education in the implementation of the 2030 Agenda (Vladimirova and Le Blanc 2016) is reflected in the practice of the seeds initiatives. This goal was addressed by 65% of the seeds, its related targets had the higher observed/expected ratio and the "education for sustainability" target was the most frequent target (addressed by 42% of the seeds). Using educational activities as a strategy to achieve other goals has been widely reported in the conservation and environmental education field (Jiménez et al. 2014) , and its effectiveness relies of its integration within the other goals.
Goal 11, related to sustainable cities and communities, was not clustered with any other goal. Miuigan and Cooper (1988, p.191) recognize that when carrying out cluster analyses, "not all observations must be classified for an effective or useful classification. Thus, some elements can be left unclustered or incompletely clustered". Nevertheless, it would be interesting to continue exploring which characteristics isolate Goal 11 from other targets and goals when implementing locally based initiatives. In line with this, Pereira et al. (2018a) recently developed a typology of international urban seeds that shed light on the multiple different ways urban initiatives can perform.
Our results also show a division in how the SDGs were addressed in our set of local initiatives between: (a) broadscope projects, which have a wide definition of their objectives and usually develop many different activities or programs related with a variety of topics -and SDGs-, such as work and economic growth (Goal 8), reduced inequalities (Goal 10), no poverty (Goal 1), zero hunger (Goal 2) and clean water (Goal 6); and (b) projects with very specific objectives, focus on topics -and SDGs-such as energy (Goal 7) or industry & innovation (Goal 9). The first group of SDGs shows higher levels of interactions established between different goals and targets, which could be read as a greater support for the implementation of the 2030 Agenda, according to its explicit determination of implementing the SDGs as an "indivisible whole" (Nilsson 2017, p.3) . These broad-scope projects often implement a variety of semi-independent programs to target multiple audiences and address complex problems from different approaches (e.g., Lewa Wildlife Conservancy; see Box 1). However, we hypothesise that a combination of targeted and broad-scope initiatives is necessary to address the whole integrated set of SDGs while making advances in reaching the individual targets. Furthermore, different types of initiatives are probably important to maintaining resilience in the sustainable development process through diversity and redundancy in approaches. But in this study we do not assess how effective the initiatives are at reaching their goals. The combined dynamics and effectiveness of different types of local initiatives in achieving SDGs is clearly an important area for future research.
SDGs and local initiatives: gaps, context, and method
Some of the SDGs were not well represented in our sample, i.e., oceans (Goal 14), health (Goal 3), climate action (Goal 13) and peace & justice (Goal 16). While the lack of ocean related targets is directly linked to terrestrial focus of most of the seeds in the sample; the lack of SDGs addressing health, peace and climate action might be due to the strong reliance on, or expectations of, government action in this space, or of international NGOs and other relatively large multi-lateral actors such as the UN. Similarly, Pradhan et al. (2017) analysed SDG interactions across 227 countries, and also found there was little data related to Goals 14 and 16 to analyze their interactions, which may reflect difficulties in addressing these targets at different scales. Furthermore, the low representation of the climate action goal and related targets could be due to the vague formulation of this goal in the 2030 Agenda. Climate change's big challenges might be expected to be addressed through the achievement of other goals and measured through other sets of indicators (see, e.g., Sachs et al. 2017; Weitz et al. 2018) .
The results of this study are specific to our set of seeds in Africa, and accordingly our findings are not generalizable to all local-level initiatives. However, we expect that some of the patterns we identify are likely to occur elsewhere. For example, cross-cutting SDGs and SDGs used as means of implementation may be similarly addressed by seeds from other regions. We also expect that other clusters of SDGs would be addressed by the seeds following different patterns. For example, SDGs linked to broad-scope projects-here mainly aimed at dealing with poverty and its derived conditions-may be addressed similarly across the Global South, but not in the seeds developed in the Global North where these goals would be probably less frequently addressed by local initiatives (Smith et al. 2018) . Goal 11 (sustainable cities and communities) is isolated from other goals in the cases we analysed, but may be more connected in the more developed areas in the Global North or some Latin American regions, where the presence of slums is not such a widespread challenge. Some of the underrepresented goals, such as Goal 14 (oceans), may also clearly follow a different pattern in coastal areas, small islands and island nations. We hypothesise that Goal 13 (climate action) frames many sustainability initiatives in the Global North.
Finally, our analysis presents a new methodology to code and evaluate the performance of local social-ecological initiatives in addressing the SDGs using both frequency and interaction variables. While these variables have been sufficient to analyse our data, there is substantial potential to further improve the methods for measuring and exploring different SDG interactions, adapting them to the different realities and types of data. Some specific challenges are the normalization of the variables according to the number of targets per goal defined on the 2030 Agenda, the multiples ways of measuring interactions (e.g., degree (Le Blanc 2015; Weitz et al. 2018)) or distinguishing between interactions within and among SDGs (Pradhan et al. 2017 ), as well as the different agglomerations and disaggregations to work both at the target and goal level (Pradhan et al. 2017 ).
Our analysis relies on and explores how the selected set of locally grounded African initiatives understand the connections between the SDGs. While this understanding may well be reflective of the contexts at hand, the systematic analyses of interactions used here helps to shine a spotlight on where there may be glaring gaps to addressing problems (e.g., the case of gender inequalities). We believe this approach could be useful in other studies to analyse how local interventions address the SDGs and comparison among different types of local initiatives to provide new insights into alternative pathways towards sustainability.
Key future considerations for bottom-up approaches to the 2030 Agenda
The Anthropocene presents a set of interlinked grand challenges from humanity. As people address the Anthropocene challenges that they experience through local actions, governments have agreed on the SDGs as a formalised and globally harmonised set of goals to overcome these challenges. While these are framed at a global level, the initiatives and behaviours that might lead to sustainable development are enacted primarily at local, national and regional levels. We therefore ask how these on-the-ground initiatives might be related to this global sustainability agenda.
Our results show how the local initiatives (i.e., seeds) have developed different strategies to meet their objectives and bring impacts to scale. For example, some seeds have specifically focused on activism strategies for changing or braking global mainstream structures or enhancing policy coherence for sustainable development (Avelino 2011) . Local Futures (https ://www.local futur es.org/) for example, works to correct and prevent trade restrictions and distortions in agricultural markets (target 2B), and Pure Earth (http:// www.puree arth.org/) contributes to early warning and management of national and global health risks (target 3D). Both initiatives are configured as big international alliances or organizations, which may have a greater impact when pushing institutions toward structural changes. Other initiatives are more involved in networks that form polycentric structures, i.e., creating systems characterized by multiple units at differing scales, where each unit has sufficient independence to make rules within a specific domain (Ostrom 2010) . Through local, regional or international partnerships, most of the seeds have established arrangements and joint projects with actors at multiple levels (Galaz et al. 2012 ). An example of such partnerships-polycentric structures-can be seen through the case of Lewa Wildlife Conservancy (http:// www.lewa.org/), which maintains a strong relation with the Kenian enforcement authorities (such as police and national wildlife service) to fight cases of poaching, cattle rustling, road banditry and inter-tribal conflicts in the conservancy and surrounding areas.
Furthermore, the agency of the seeds in enabling or creating the envisioned sustainable development is shaped within the polycentric structures and linkages between institutions at different levels, governance hierarchies and socioeconomic-political priorities. These contexts can influence which SDG targets are addressed by the seeds, and the depth in how cross-cutting SDGs and their targets are considered and strategized for implementation. As presented, some initiatives have a specialised focus, others a broader scope, some present stronger contextual specificity, while others are more generalist. Together, they form an integrated ecosystem of initiatives that shape and are shaped by the evolving landscape of (sustainable) development. However, our analysis is of the activities developed by the local initiatives and how they related to specific SDGs. We did not identify whether the initiatives are successful in achieving selected SDG targets or, more broadly, changing what sustainable development is. Analysing the impact of seeds would require a broad and systematic monitoring of the set of initiatives that enacts the 2030 Agenda, and an effort to map how these activities address the complex, evolving and intertwined structure of sustainable development issues (Galaz et al. 2012) . While responding to these questions go beyond the scope of this research, issues of governance, power and agency must be contemplated in future analysis regarding the implementation of the SDGs by locally based initiatives.
Concluding remarks
Current attempts to analyse interactions among SDGs have focused on potential interactions at the national policy level rather than empirically analysing how ongoing local 1 3 initiatives are addressing them. This article explores how bottom-up approaches are contributing to the 2030 Agenda. We have made a first attempt to define and illustrate the different ways SDGs can be addressed by local initiatives, by taking into account their specific features, measured in terms of incidence (which goals are more likely to be addressed) and degree of interaction between and among targets and goals. We found that local initiatives broadly address these SDGs, but that SDGs have six different types of relationships to local initiatives. Efforts to monitor the success on implementing the SDGs in local contexts should be reinforced (Satterthwaite 2016 (Satterthwaite , 2018 , and consider these and others different patterns initiatives follow to address the goals.
Additionally, our results suggest that achieving the goals of the 2030 Agenda will require diversity and alignment of bottom-up and top-down approaches. On the one hand, development agencies should identify, recognise and support the creation of polycentric systems around a variety of seeds that are contributing to SDGs achievement in different ways, and target work on those SDGs left behind, or those that require higher level action. On the other hand, for new sustainability approaches to emerge and grow, the seeds should continue with an experimental and creative work by strategically engaging with SDGs in multiple different ways and adapting their networked polycentric organizational structures to the interlinked and evolving challenges they address.
Finally, within this ecosystem of initiatives, it is often easy to overlook the "subjects" of development. A complementary area of future research would be to critically examine how the people-individuals, families and communities-are engaged in the process of development, and how different perspectives, knowledge systems and agencies can be integrated into the diversity of strategies and visions for sustainable development.
